
• 
WD—*O6O 006 NORTHWESTERN UNIV EVANSTON ILL P11 111* 11OTNAfl~S OF CO$ QSITE MAT (RIALS. (U) I

fl. 76 S PCNAT—fEASSfl DA—AfiO—o—3s ~ sa4~ y R_ el46 
IMO—1057$.7—c ML

_  
_  

_  
I



/ 4LO~ 1~~7F1 7-E ~~ f/ ~ 4V9~ ~7 

LEVEL I
( ‘

s’ DYNAMICS OF COMPOSITE MAT LS i

/
Final iechnical,Report 1

/ (IL’ ‘(‘ ‘/.~ ~~~~~~~~~~~~~~~

— 
_ _ _  

.

S. NEMAT-~~~~ ER

//)July 3978 / / ‘  I /‘

U. S. ARMY RESEARCH OFFICE r-~~~~ r
’ ,

>l
~~ 

-
/

GRANT Nos . : ‘~~ -ARO-D-3l-l24-72-G146 . / °~~ 1?’ 1~?G 
~~LU I DAHCO4-75-G -0059 Ji /

I .—.J DAAG2~ -i6-G-OO63 I ‘
~~

Li._ DAAG29-77-G-0034 P
c-~

NORTHWESTERN UNIVERSITY
Evanston , Illinois 60201

I

APPROVED FOR PUBLIC RELEASE ;
DISTRIBUTION UNLIMITED .



THE FINDINGS IN THIS REPORT ARE NOT TO BE
CONSTRUED AS AN OFFICIAL DEPARTMENT OF
THE ARMY POSITION , UNLESS SO DESIGNATED
BY OTHER AUTHORIZED DOCUMENTS .

NT IS ~e Sect ion ~
floe • 3~rt i ofl Q
1JN2 0
J1~

BY

~~~~~
‘ ‘ ‘11!~ C~LS



Unclassified
SECURITY CLASSIFICA TI ON OF THIS PAGE (W~e,, D. Eal.ro~~

DCD(~DT i u r ~~~ir ~u RAGE READ DISTRUC TIONS
~~~ u ~~~~~~~~~~~~ i ,‘ ~~. i i~~i ’ ’  BEFORE COMPLETING FORM

I. R(POR1 NUMSEA 2. .~OVT ACCESSION HO 3. PECIPIEM i s  CATALO G Ntj M~~(R

4. TIfl~.E (aid Subiltj.) 5. TYPE OF ~EPO~~T S P(RIØQ COVERED
Final Technical Report

DYNAMICS OF COMPOSITE MATERIALS 1. Apri l 1972 - 30 June 1978
/ a. PERFORMING ORG. REPORT NUM SER

7. AUTHOR(•) S. CONTRACT OR GRANT MUMSE R I’.)
DA-ARO-D-3].-l24-72-G146

S Nemat -Nasser D RC04 7 5 G 0 0 5 9
DAAG29-76-G-0063

____________________________________________________ 
DAAG29 - 77-G-0034

5. P~~RF0RMING ORGAN IZATION NAME AND AD DRESS t O. PROGRAM ELEMENT. PROJECT . TASK
AREA S WORK UNIT HUMSERS

Northwestern University
Evanston, Ill inois 60201 7/

I I . CONTROLLING OFFICE NAME AND ADDRESS I S. REPORT OAT S
U. S. Army Research Office July 1978
P. 0. Box 12211 ii. NIJM UEROF PAGIS

Research Triangle Park , NC 27709 5
IS. MONITORING AGENCY NAME $ AOORESS(II diSl.v..t froa ConlroUin4 Olflc.) IS. SECURITY CLASS. (.1 thia r.poit)

Unclass ified
IS~. OECLAS$IFICATION/ OOWN GRAOINGSCHEDULE

5. OISTRISIJT1ON STATEME N1 (ol Ala k.pore)

Approved for public release; distribution unlimited.

17. DISTRISUTION STATEMENT (o~ A . ck.tr.ct .nt. ,.d in Stock 20. ii dl1t.,.n i froa Ripe,t)

NA

IS. SUPPLEMENTARY NOTES

The view , opinions , and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army
position, policy , or decision, unless so designated by other documentation.

IS. KEY WORDS (Contffiu. on ~v~rao aid. it n•o••a~~ aid i de,UilV by block niaikav)

Laminated and fiber-reinforced composites Variationa l methods
Vibration frequencies Lower and upper bounds for
Harmonic waves eigenvalues

~~~~~~ S$TRAC1 (Con.Snu. on ,.v~,a• aid. St n.c...eey a~d S*ns5~~ 4, block n s b f )

In this project attention has been focused on: (I) The accurate calculation of
the dispersive properties of laminated and two- and three-dimensional fiber-
reinforced elastic composites; (2) The accurate determination of natural fre-
quencies of composite plates and beams, or plates and beams with variable di-
mensions or with inclusions ; (3) Calculation of upper and lower bounds for the
eigenfrequencies in (1) and (2); and (4) The assessment of the effec t of f iber
geometry on th. dynamic properties of the fiber-reinforced composite.

DO 1 JAN 73 1473 IDIfl QN OF I NOV S$ IS O5$OI..(1 E Unclassified
SECURI TY CLASSIFICATION O~ tHIS PAGE (Wh ai Dios tee.d)

_ _  - —~~~~~~-



1

A. Statement of Problem Studied and Summary of Basic Results

In addition to their strength and special thermomechanical attributes ,
elastic composites, if properly designed , can be highly dispers ive when
subjected to stress pulses. Therefore, in using composites, one of the most

significant objectives often is to implement a design which provides for a

maximum attenuation by dispers ion of stress waves without a sacrifi ce in the
needed strength and other properties. Also , one needs to know the detailed
stress distribution in a given composite when subjected to elastic waves .
Furthermore , plates and shells with inclusions, with variable thicknesses ,
and/or with various reinforcements, are conwion ingredients of modern struc-
tural components in technology. The dynamic behavior and the thermal con-

ductivity properties of these elements are of obvious importance to a designer.

Many characteristics of composites relating to the phenomenon of elastic

wave propagation can be brought into focus by considering harmonic waves.
For example , if the dispersion curve of a given composite deviates sharply
from the straight line, the composite would be highly dispersive. Moreover,

since pulses can be decomposed into their Fourier components, the dominant
effect may be discussed in terms of the corresponding harmonics. Since these

harmonics constitute the eigenfunctions, they can be suitably combined to
define the response to various short-duration pulses. Thus it appears that

the study of harmonic waves in composites can provide a ~basis for a better
understanding and design of elastic composite materials. In a similar sense ,

many aspects of the dynamics of composite plates and shells can be understood
in terms of their natural modes of vibration. In this project attention has

been focused on: (1) The accurate calculation of the dispersive properties

of laminated and two- and three-dimensional fiber-reinforced elastic composites ;

(2) The accurate determination of natural frequencies of composite plates and

beams , or plates and beams with variable dimensions or with inclusions ; (3)

Calculation of upper and lower bounds for the eigenfrequencies in (1) and (2);
and (4) The assessment of the effect of f iber geometry on the dynamic pro -
perties of the fiber-reinforced composite. This latter consideration can play

an important role in the design of structural elements, such as helicopter

blades, where it may become necessary, for example, to alter the vibrational
frequencies of an element without having to modify its over-all geometry .

- — - —~~~~~~~ -- .--
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The calculations are based on a new quotient which has been formula ted
by the author recently. This quotient is based on a general variational

method in which the displacement and stress f ields are given independent
variation. It has been shown under the present project that the new quotient

yields extremely accurate results, even with the crudest approximating

functions, hence making the new quotient superior to the Rayleigh quotient.

With the aid of the new quotient, lower and upper bounds for the eigenfre-

quencies have also been obtained. These bounds are very close to each other.

~~1
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